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Description 

The  present  invention  relates  generally  to  the  area 
of  computer  graphics  and  more  particularly  to  methods 
and  means  for  displaying  of  colour  images  on  display 
hardware.  There  are  at  least  two  distinct  methods  of 
placing  colour  values  (r,g,b)  into  the  single  picture  ele- 
ments  (pixels)  contained  on  a  hardware  screen:  "ren- 
dering  of  geometry"  and  "displaying  of  image."  "Ren- 
dering  of  geometry"  is  a  method  in  which  objects  to  be 
displayed  on  the  screen  are  expressed  as  polygons. 
Vertices  of  these  polygons  have  associated  colour  val- 
ues  determined  by  calculations  (lighting  operations) 
performed  at  each  rendering.  Pixels,  chosen  at  each 
rendering,  are  given  these  colour  values  to  display  the 
vertices.  Remaining  pixels  are  given  colour  values  via 
"shading".  "Shading"  is  the  process  of  filling  in  the  rest 
of  the  pixels  that  comprise  a  polygon  during  "rendering 
of  geometry."  Color  values  for  these  pixels  are  calculat- 
ed  from  information  known  about  the  vertices  of  the  pol- 
ygon.  "Gouraud  shading"  is  one  method  of  shading  in 
which  the  colour  values  of  the  vertices  are  colour  inter- 
polated  to  derive  the  colour  values  for  the  remaining  pix- 
els  of  the  polygon.  There  are  other  methods  of  shading 
which  do  not  involve  colour  interpolation.  In  contrast  to 
"rendering  of  geometry,"  pixels  may  be  given  colour  val- 
ues  by  simply  filling  them  in  from  an  array  of  colour  val- 
ues  called  an  "image."  In  this  case  there  are  no  estab- 
lished  objects  or  polygons  expressed  to  the  display 
hardware.  Such  an  image  may  have  been  obtained  from 
a  camera,  or  from  a  process  of  calculating  colour  values 
such  as  "ray  tracing."  "Ray  tracing"  is  a  computation  in- 
tensive  method  of  calculating  colour  values  for  a  pixel. 
Typically,  a  computer  system  central  processing  unit 
(CPU)  is  utilized  to  perform  these  imaging  computa- 
tions.  In  these  conventional  systems,  the  CPU  performs 
all  of  the  imaging  (ray  tracing)  computations  for  each 
and  every  pixel  on  a  display  screen  in  sequential  order. 
For  a  detailed  discussion  of  ray  tracing,  see  "An  Over- 
view  of  Ray  Tracing,"  Andrew  S.  Glassner.  It  can  be 
seen  that  imaging  computations  in  general  and  ray  trac- 
ing  in  particular  are  extremely  time  consuming  and  may 
take  a  matter  of  hours,  or  even  days  to  complete  this 
colour  imaging,  depending  upon  the  description  of  the 
screen  being  displayed.  The  combination  of  calculating 
and  displaying  an  image,  may  be  called  "colour  imag- 
ing". 

EUROGRAPHICS  4  September  1989, 
AMSTERDAM  ,  pages  39-50,  AKIMOTO  ET  AL  "PIXEL 
SELECTED  RAY  TRACING"  discloses  an  acceleration 
method  of  image  generation  by  ray  tracing  based  on  pix- 
el  reduction  (Pixel  Selected  Ray  Tracing  PSRT).  Only 
the  intensities  of  those  pixels  requiring  precise  calcula- 
tion  are  obtained  by  computationally  intensive  ray-trac- 
ing.  The  values  of  other  pixels  are  derived  by  interpola- 
tion. 

Generally,  a  number  of  currently  available  computer 
display  adapter  hardware  devices  are  capable  of  per- 

forming  rendering  of  geometry,  including  Gouraud  shad- 
ing.  Gouraud  shading  is  a  graphics  technique  unrelated 
to  colour  imaging,  or  ray  tracing.  Since  Gouraud  shading 
is  implemented  through  colour  interpolation,  these  dis- 

5  play  adapters  are  capable  of  performing  colour  interpo- 
lation.  The  present  invention  utilizes  this  colour  interpo- 
lation  capability  to  achieve  a  goal  not  contemplated  by 
the  conventional  and  standard  uses  of  Gouraud  shad- 
ing. 

10  During  the  period  when  a  CPU  is  performing  the  ray 
tracing  calculation,  all  other  associated  computer  graph- 
ics  hardware  remains  idle,  awaiting  completion  of  these 
computations.  Therefore,  it  would  be  extremely  desira- 
ble  to  provide  a  method  which  would  optimize  the  effi- 

15  ciency  of  a  computer  graphics  system  by  utilizing  the 
capabilities  of  this  idle  graphics  hardware  in  conjunction 
with  the  processing  being  conducted  by  the  system 
CPU. 

Viewed  from  a  first  aspect,  the  present  invention 
20  provides  a  method  of  displaying  a  colour  image  on  a 

computer  system  having  a  central  processing  unit  and 
a  display  adapter,  by  interpolating  pixel  colour  values, 
said  method  comprising  the  steps  of: 

25  determining  a  number  of  pixels  to  be  colour  imaged; 
computing,  by  said  central  processing  unit  colour 
imaged  values  for  each  of  said  pixels  included  with- 
in  the  determined  number;  and 

interpolating,  by  said  display  adapter,  colour  values 
for  each  pixel  not  included  within  the  determined 
number,  based  upon  the  computed  colour  imaged 

35  pixels. 

Viewed  from  a  second  aspect,  the  present  invention 
provides  a  computer  system  for  displaying  a  colour  im- 
age  by  interpolating  pixel  colour  values,  comprising: 

40 
interface  means  responsive  to  user  input  to  deter- 
mine  a  number  of  pixels  to  be  colour  imaged; 
a  central  processing  unit  to  compute  colour  imaged 
values  for  each  of  said  pixels  included  within  the  de- 

45  termined  number;  and  characterised  by 
a  display  adapter  for  using  the  colour  imaged  values 
to  interpolate  colour  values  for  each  pixel  not  includ- 
ed  within  the  determined  number. 

so  In  contrast  to  the  prior  art,  the  present  invention  al- 
lows  a  microprocessor  included  within  an  associated 
display  adapter  to  be  used  to  alleviate  a  portion  of  the 
computational  burden  imposed  upon  the  system  CPU 
during  colour  imaging  calculations.  The  present  inven- 

ts  tion  utilizes  the  colour  interpolation  capability  of  associ- 
ated  display  hardware  to  increase  the  speed  of  a  com- 
puter  graphics  system  performing  colour  imaging. 

Initially,  the  system  CPU  performs  colour  imaging 

20 

30  characterised  by 

so 

55 
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(e.g.  ray  tracing)  on  a  predetermined  plurality  of  pixels. 
At  this  point,  the  CPU  then  transmits  the  (r,g,b)  values 
for  each  of  these  pixels  to  the  processor  of  the  display 
adapter  hardware,  the  transmission  (i.e.  communication 
between  the  CPU  and  display  adapter)  to  the  hardware, 
of  these  colour  values  is  in  terms  of  a  polygon  to  be 
Gouraud  shaded,  even  though  "rendering  of  geometry" 
is  not  the  method  being  used.  Upon  receipt  of  these  pixel 
colour  values,  the  display  adapter  processor  then  per- 
forms  colour  interpolation  for  all  of  the  pixels  included 
within  a  geometric  figure  bounded  by  the  colour  imaged 
pixels.  Thus,  it  can  be  seen  that  the  number  of  calcula- 
tions  required  to  be  performed  for  a  given  screen  de- 
scription  is  vastly  reduced.  This  reduction  in  calculations 
greatly  improves  the  speed  with  which  the  scene  can  be 
colour  imaged. 

The  present  invention  will  be  described  further,  by 
way  of  example  only,  with  reference  to  an  embodiment 
thereof  as  illustrated  in  the  accompanying  drawings,  in 
which: 

Figure  1  is  a  block  diagram  depicting  the  elements 
utilized  by  a  preferred  embodiment  of  the  present 
invention; 

Figure  2,  is  a  flowchart  showing  the  steps  required 
by  the  preferred  embodiment  to  implement  the  ca- 
pabilities  of  the  display  adapter  hardware;  and 

Figure  3  is  a  diagram  of  a  portion  of  a  display  show- 
ing  those  pixels  which  may  be  colour  interpolated 
and  those  being  colour  imaged  by  a  system  utilizing 
the  preferred  embodiment. 

Typically,  a  computer  graphics  user  that  wishes  to 
perform  lighting  calculations  will  utilize  a  three-dimen- 
sional  (3D)  display  adapter  hardware  device  16,  such 
as  a  2781  (High-Performance  3D  Color  Graphics  Proc- 
essor),  sold  by  IBM.  Included  within  the  3D  lighting  hard- 
ware  is  a  portion  which  is  dedicated  to  performing  shad- 
ing  operations.  Usually,  this  shading  hardware  supports 
Gouraud  shading,  as  discussed  above,  however  other 
shading  hardware  utilizing  colour  interpolation  methods 
are  contemplated  by  the  scope  of  the  present  invention. 
During  a  normal  lighting  operation,  the  shading  hard- 
ware  is  utilized  as  a  hardware  assist  to  aid  the  system 
CPU  in  achieving  the  desired  lighting  of  a  displayed  im- 
age.  The  present  invention  utilizes  this  hardware  assist 
capability  during  non-lighting  calculations,  in  particular 
during  colour  imaging,  such  as  ray  tracing  operations. 

Referring  to  Figure  1  ,  a  block  diagram  of  a  system 
capable  of  utilizing  the  present  invention  is  shown.  A  dis- 
play  10,  such  as  a  CRT,  or  the  like  is  shown  having  a 
plurality  of  picture  elements  (pixels)  which  are  depicted 
by  reference  numerals  1,2,3,  4,  5,6,7,8,9,11,13  and 
N.  A  display  adapter  16  typically  used  for  performing 
rendering  of  geometry  is  illustrated  and  includes  a  shad- 
ing  processor  1  2  and  all  other  associated  hardware  1  4. 

This  hardware  may  include  buffers,  such  as  a  frame 
buffer,  window  buffer,  Z-buffer  or  the  like.  A  system  CPU 
18  is  provided  which  performs  all  colour  imaging,  such 
as  ray  tracing  calculations.  Also  shown  in  Figure  1  is  the 

5  system  main  memory  20.  It  should  be  noted  that  the 
present  invention  is  suited  for  use  in  all  types  of  colour 
imaging  applications,  however  ray  tracing  is  the  primary 
method  discussed  herein. 

Conventionally,  an  application  program  interface 
10  (API)  22,  via  bus  26,  instructs  the  3D  lighting  display 

adapter  16  to  perform  rendering  of  geometry.  This  may 
include  determining  the  location  and  consequences  of 
a  light  source,  as  well  as  colour  interpolating  a  surface 
for  shading  purposes.  It  should  be  noted  that  in  conven- 

es  tional  systems,  no  colour  imaging  is  performed  by  CPU 
1  8  during  rendering  of  geometry.  Similarly,  no  rendering 
of  geometry  can  be  performed  by  prior  art  systems  dur- 
ing  the  time  colour  imaging  computations  are  being  im- 
plemented  by  CPU  18. 

20  To  perform  colour  imaging  in  a  ray  tracing  environ- 
ment  a  scene  description  is  first  stored  in  main  memory 
20.  This  scene  description  is  a  textual,  or  alphanumeric 
representation  of  the  scene  to  be  displayed.  For  exam- 
ple,  a  scene  description  will  include  geometric  descrip- 

25  tions  of  all  objects  as  well  as  their  colour  (r,g,b)  values 
and  surface  type.  Additionally,  the  nature  of  each  object, 
is  included  within  the  scene  description,  that  is,  whether 
the  object  is  transparent,  opaque,  reflective  or  the  like. 

Upon  implementation  of  a  ray  tracing  operation,  a 
30  program  application  user,  via  API  22  and  bus  23,  in- 

structs  the  system  CPU  1  8  to  perform  a  series  of  vector 
(ray)  calculations  for  each  pixel  on  display  10.  System 
CPU  1  8  begins  at  pixel  1  and  back  traces  a  ray  from  a 
view  point  directly  in  front  of  that  pixel,  through  the  pixel 

35  in  the  image  plane,  and  into  the  scene.  For  example,  if 
a  ray  1  (corresponding  to  pixel  1)  is  found  to  initially  in- 
tersect  the  surface  of  the  ocean,  then  a  lighting  calcula- 
tion  is  computed  at  the  point  of  intersection  between  ray 
1  and  the  surface  and  CPU  18  colours  pixel  1  the  com- 

40  puted  shade.  Furthermore,  if  at  pixel  N  the  correspond- 
ing  scene  description  is  a  convex  reflective  object,  such 
as  a  mirrored  sphere,  then  the  ray  tracing  calculation 
includes  back  tracing  along  a  first  ray  from  the  view  point 
through  pixel  N  to  the  point  of  intersection  with  the  re- 

45  flective  surface,  calculating  the  angle  of  reflection  to  cre- 
ate  a  reflection  ray  which  is  then  traced  to  find  its  nearest 
intersection  with  an  object.  These  reflection  rays  are 
created  and  traced  until  an  intersection  is  found  with  a 
non-reflective  object,  at  which  point  a  shadow  ray  is  cre- 

so  ated  which  is  a  ray  from  the  point  of  intersection  to  the 
light  source.  If  any  intervening  intersections  are  found 
along  this  ray,  i.e.  intersection  with  other  objects,  then 
the  primary  intersection  point  is  found  to  be  in  a  shadow 
and  the  lighting  calculation  performed  by  the  CPU  1  8  is 

55  adjusted  accordingly.  Upon  completion  of  the  lighting 
calculation  at  this  point  of  intersection,  pixel  N  is  col- 
oured  with  the  calculated  shade. 

Thus,  it  can  be  seen  how  a  number  of  reflective  ob- 

3 
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jects  in  the  scene  description  can  create  an  extremely 
time  consuming  and  burdensome  number  of  calcula- 
tions  to  be  performed  by  CPU  18.  It  is  not  uncommon 
for  a  period  of  hours  or  even  days  to  elapse  before  a 
scene  description  is  totally  displayed  on  a  CRT  1  0.  This 
time  lapse  can  cause  a  enormous  burden  on  users  of 
computer  graphics  systems.  For  example,  a  user  of  a 
computer  graphics  animation  system  may  have  to  wait 
all  day  for  the  scene  contemplated  to  be  actually  dis- 
played  such  that  it  can  be  determined  whetherthe  scene 
description  needs  to  be  altered.  It  should  be  noted  that 
display  adapter  16  represents  the  previously  described 
lighting  hardware  and  processor  12,  the  shading  hard- 
ware  portion  of  display  adapter  16. 

Upon  completion  of  the  ray  tracing  computation,  the 
CPU  1  8  then  transmits,  via  bus  24,  the  calculated  colour 
for  that  pixel  to  the  display  10.  Again,  during  the  ray  trac- 
ing  calculation,  display  adapter  16,  including  shading 
processor  12  remains  idle. 

In  order  to  increase  rendering  speed,  or  more  effi- 
ciently  perform  colour  imaging,  a  preferred  embodiment 
of  the  present  invention  utilizes  shading  processor  1  2  to 
colour  a  percentage  of  an  image's  pixels  through  colour 
interpolations  of  a  subset  of  the  ray  traced  pixels. 

A  number  of  display  adapters,  such  as  the  afore- 
mentioned  3D  lighting  hardware  1  6,  are  capable  of  filling 
(colouring)  polygons  onto  display  10.  Under  typical  col- 
our  image  operating  conditions  CPU  18  resolves  indi- 
vidual  pixels,  as  specified  by  a  program  application  and 
then  turns  these  pixels  directly  over  to  the  CRT  10  for 
display.  However,  adapter  16,  through  shading  proces- 
sor  1  2,  is  capable  of  colouring  polygons  by  interpolation 
methods,  such  as  Gouraud  shading,  or  the  like.  Gener- 
ally,  these  polygons  are  simple  polygons,  such  as 
squares,  rectangles,  triangles,  and  trapezoids.  There- 
fore,  the  present  invention  exploits  this  capability  of  the 
display  adapter  hardware  1  6  to  colou  r  interpolate  simple 
polygons. 

Specifically,  a  user  of  the  computer  graphics  system 
of  Figure  1  determines  the  number  (or  percentage)  of 
pixels  to  be  colour  imaged,  or  ray  traced,  prior  to  the 
colour  interpolation  being  performed  therebetween.  For 
example,  a  user  may  desire  that  every  other  (one  out  of 
two)  pixels  be  ray  traced,  such  that  pixels  1  ,  3,  5,  and  7 
are  subjected  to  ray  tracing  calculations  in  sequential 
order.  Upon  completion  of  these  four  computations  by 
CPU  18,  their  respective  colour  values  are  passed  to 
the  shading  processor  1  2,  via  bus  28,  of  display  adapter 
16.  In  this  example  pixels  1  ,  3,  5  and  7  are  the  bounda- 
ries  of  a  square,  which  is  a  polygon  the  display  adapter 
16  is  capable  of  filling.  Thus  the  CPU  18  is  now  free  to 
continue  ray  tracing  for  another  portion  of  the  scene  de- 
scription,  such  as  that  portion  bounded  by  pixels  3,  5, 
11  and  13.  Meanwhile,  shading  processor  12  of  display 
adapter  16  has  interpolated  the  colour  of  pixels  2,  4,  6, 
8  and  9  from  the  known  ray  traced  colours  of  pixels  1  , 
3,  5  and  7.  Thus,  it  is  apparent  how  the  present  invention 
greatly  increases  the  speed  with  which  a  ray  traced  im- 

age  in  a  graphics  system  is  rendered.  That  is,  of  pixels, 
1  through  9,  shown  in  Figure  1,  only  four  pixels  1,  3,  5 
and  7  are  actually  ray  traced,  whereas  five  pixels  2,  3, 
6,  8  and  9  are  coloured  by  another  processor.  It  should 

5  be  noted  that  a  user  may  choose  the  number  and  con- 
figuration  of  pixels  to  be  ray  traced.  At  one  extreme,  the 
four  corner  pixels  of  a  display  10  may  be  ray  traced  with 
the  remaining  pixels  of  the  screen  being  colour  interpo- 
lated.  The  other  extreme  may  provide  for  ray  tracing  a 

10  high  percentage  of  the  total  pixels,  along  the  rows  and 
columns  of  pixels  on  display  1  0  (see  Fig.  3).  By  ray  trac- 
ing  one  out  of  every  2  pixels,  only  25  percent  of  the  total 
pixels  are  eventually  subject  to  ray  tracing  operations. 
Ray  tracing  every  other  pixel,  as  discussed  above,  has 

is  greatly  increased  rendering  speed  with  an  extremely  mi- 
nor  deterioration  in  resolution.  This  minor  deterioration 
in  resolution  is  far  outweighed  by  the  increased  render- 
ing  speed. 

Figure  2  is  a  flowchart  showing  the  steps  required 
20  by  the  preferred  embodiment  to  invoke  and  utilize  the 

capability  of  the  shading  processor  12. 
At  step  1  ,  the  hardware  utilization  method  is  initiated 

by  a  user  of  a  computer  graphics  system.  Next  the  user, 
or  perhaps  an  associated  program  application,  will  de- 

25  termine  a  percentage  of  pixels  which  are  to  be  ray 
traced.  This  percentage  may  range  from  a  minute  por- 
tion  of  the  total  pixels,  up  to  100%  in  which  case  the 
entire  screen  (all  pixels)  will  be  ray  traced  and  the 
present  invention  will  not  be  used.  As  noted  above,  ap- 

30  proximately  25%  has  been  determined  to  give  good  res- 
olution  and  a  vastly  increased  rate  of  imaging.  Step  3 
determines  the  configuration  of  ray  traced  pixels  which 
will  be  turned  over  to  the  display  adapter  16  for  filling. 
That  is,  the  configuration  of  the  ray  traced  pixels  as  a 

35  square,  circle,  rectangle,  trapezoid  or  other  polygon  will 
be  determined,  thus  allowing  the  display  adapter  to  fill 
the  area  (pixels)  lying  between  these  polygonally  con- 
figured  ray  traced  pixels. 

The  actual  ray  tracing  computations  are  then  per- 
40  formed  by  CPU  18  of  the  computer  graphics  system 

(step  4).  At  step  5,  the  colour  values  for  these  ray  traced 
pixels  and  their  configuration  is  then  transmitted  to  the 
display  adapter  1  6  from  CPU  1  8  and  via  bus  28.  Also  at 
step  5,  shading  processor  12  fills  (colour  interpolates) 

45  the  pixels  lying  between  these  ray  traced  pixels  and  dis- 
plays  the  ray  traced  and  colour  interpolated  pixels  as  a 
filled  polygon,  on  display  1  0.  Step  6  determines  whether 
the  percentage  of  pixels  to  be  ray  traced  (determined  at 
step  2)  have  actually  been  ray  traced.  If  so,  then  the 

so  method  of  the  present  invention  proceeds  to  step  7  and 
ends.  However,  if  there  are  pixels  remaining  to  be  ray 
traced,  then  the  method  returns  to  step  4  where  addi- 
tional  ray  tracing  is  performed.  Also,  it  should  be  noted 
that  step  7  ends  the  process  of  the  present  invention, 

55  but  the  CPU  18  may  continue  ray  tracing,  and  colour 
image  the  previously  colour  interpolated  pixels. 

Figure  3  shows  another  configuration  of  pixels  on 
display  10.  It  should  be  noted  that  dots  represent  ray 

4 
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traced  pixels  and  X's  represent  colour  interpolated  pix- 
els.  To  invoke  the  configuration  of  Fig.  3,  CPU  1  8  would 
ray  trace  every  other  pixel  along  the  first  line  (row  0)  of 
display  10,  i.e.  pixels  0,  2,  4,  6,  8,  10,  12....  Next,  CPU  4. 
1  8  will  ray  trace  pixels  0,2  of  row  2  such  that  a  polygon  s 
(in  this  case  a  square)  is  bounded  by  pixels  0,2  of  row 
0  and  pixels  0,2  of  row  2.  This  polygon  is  then  transmit- 
ted  to  shading  processor  12  which  colour  interpolates 
values  for  pixel  1  of  row  0,  pixels  0,  1  ,2  of  row  1  and  pixel 
1  of  row  2.  This  block  of  pixels  is  then  displayed  on  CRT  10 
10. 

Simultaneously  to  display  of  the  first  block  of  pixels, 
CPU  1  8  colour  images  pixel  4  of  row  2,  which  forms  an- 
other  square,  since  the  remaining  three  bounding  pixels 
have  previously  been  ray  traced.  This  second  block  is  15 
then  colour  interpolated  by  shading  processor  12  and 
values  for  pixel  3  of  row  0,  pixels  3,4  of  row  1  and  pixel 
3  of  row  2  are  found.  Therefore,  it  can  be  seen  how  by 
ray  tracing  one  additional  pixel,  such  as  pixel  4  of  row 
2,  four  pixels  may  then  be  colour  interpolated.  Further,  20  5. 
it  can  be  seen  how  imaging  pixel  6  of  row  2  would  allow 
another  four  pixels  to  be  colour  interpolated  and  so  forth. 
In  this  manner,  i.e.  using  processor  12  as  a  hardware 
assist  to  colour  imaging,  the  thousands  of  pixels  present 
on  atypical  CRT  can  be  colour  imaged  and  colour  inter-  25  6. 
polated  to  display  a  complex  scene  which  would  other- 
wise  take  a  matter  of  hours  or  even  days  to  display. 

Claims  30 

taining  a  portion  of  the  determined  number  of  pixels 
to  be  colour  imaged  (step  3). 

A  method  as  claimed  in  Claim  3  wherein  the  inter- 
polation  step  comprises  the  steps  of: 

interpolating  colour  values  for  only  those  pixels 
that  are  contained  within  a  chosen  configura- 
tion  area  and  have  not  been  colour  imaged; 

displaying  the  colour  imaged  pixels  and  the  col- 
our  interpolated  pixels  included  within  said  cho- 
sen  configuration  area;  and 

returning  to  said  step  of  computing  colour  im- 
aged  values  for  another  configuration  area  until 
the  determined  number  of  pixels  have  been  dis- 
played. 

A  method  as  claimed  in  any  preceding  claim,  where- 
in  said  step  of  computing  colour  imaged  values 
comprises  the  step  of  performing  ray  tracing  oper- 
ations. 

A  computer  system  for  displaying  a  colour  image  by 
interpolating  pixel  colour  values,  comprising: 

interface  means  (22)  responsive  to  user  input 
to  determine  a  number  of  pixels  to  be  colour 
imaged; 

1  .  A  method  of  displaying  a  colour  image  on  a  compu- 
ter  system  having  a  central  processing  unit  (1  8)  and 
a  display  adapter  (16),  by  interpolating  pixel  colour 
values,  said  method  comprising  the  steps  of:  35 

a  central  processing  unit  (1  8)  to  compute  colour 
imaged  values  for  each  of  said  pixels  included 
within  the  determined  number;  and  character- 
ised  by 

2. 

3. 

determining  a  number  of  pixels  to  be  colour  im- 
aged  (step  2,3); 

computing,  by  said  central  processing  unit  (18) 
colour  imaged  values  for  each  of  said  pixels  in- 
cluded  within  the  determined  number  (step  4); 
and  characterised  by 

interpolating,  by  said  display  adapter  (16),  col- 
our  values  for  each  pixel  not  included  within  the 
determined  number,  based  upon  the  computed 
colour  imaged  pixels  (step  5). 

A  method  as  claimed  in  Claim  1  wherein  said  dis- 
play  adapter  (16)  comprises  a  processor  (12) 
adapted  to  perform  colour  shading,  in  which  said 
interpolation  step  is  performed  by  said  processor 
(12). 

A  method  as  claimed  in  Claim  1  or  2  wherein  said 
step  of  determining  comprises  the  step  of  subdivid- 
ing  the  image  into  configuration  areas,  each  con- 

a  display  adapter  (12)  for  using  the  colour  im- 
aged  values  to  interpolate  colour  values  for 
each  pixel  not  included  within  the  determined 

40  number. 

7.  A  system  as  claimed  in  Claim  6  in  which  said  display 
adapter  (12)  comprises  a  processor  adapted  to  per- 
form  colour  shading. 

45 
8.  A  system  as  claimed  in  Claim  6  or  7  wherein  said 

interface  means  is  adapted  to  subdivide  the  image 
into  configuration  areas,  each  containing  a  portion 
of  the  determined  number  of  pixels  to  be  colour  im- 

so  aged. 

9.  A  system  as  claimed  in  Claim  8  wherein  said  display 
adapter  (1  2)  is  adapted  to  interpolate  colour  values 
for  only  those  pixels  that  are  contained  within  a  cho- 

55  sen  configuration  area  and  have  not  been  colour  im- 
aged,  and  wherein  a  display  (10)  displays  the  colour 
imaged  pixels  and  the  colour  interpolated  pixels  in- 
cluded  within  said  chosen  configuration  area. 

5 
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10.  A  system  as  claimed  in  any  of  Claims  6  to  9  wherein 
said  central  processing  unit  (18)  comprises  means 
for  performing  ray  tracing  operations. 

5 
Patentanspriiche 

1  .  Ein  Verfahren  zum  Anzeigen  eines  Farbbilds  auf  ei- 
nem  Rechnersystem  mit  einer  Zentraleinheit  (18) 
und  einem  Anzeigeadapter  (16),  durch  Interpolie-  10 
ren  der  Pixel-Farbwerte,  wobei  das  Verfahren  die 
folgenden  Schritte  umfaBt: 

Bestimmen  einer  Anzahl  Pixel,  diezurFarbbild- 
gebung  vorgesehen  sind  (Schritt  2,  3);  15 

Berechnen  der  Farbbildwerte  fur  jedes  der  Pi- 
xel,  das  zu  der  bestimmten  Anzahl  (Schritt  4) 
gehort,  durch  die  Zentraleinheit  (18);  und  ge- 
kennzeichnet  durch  20 

Interpolieren  von  Farbwerten  fur  jedes  Pixel, 
das  nicht  zu  der  bestimmten  Anzahl  gehort,  auf 
der  Grundlage  der  berechneten  Farbbildpixel 
(Schritt  5)  durch  den  Anzeigeadapter  (16).  25 

2.  Ein  Verfahren  gemaB  Anspruch  1,  in  dem  der  An- 
zeigeadapter  (16)  einen  Prozessor  (12)  enthalt,  der 
zur  Ausfuhrung  der  Farbschattierung  eingerichtet 
ist,  wobei  der  Interpolationsschritt  durch  den  Pro-  30 
zessor  (12)  ausgefuhrt  wird. 

3.  Ein  Verfahren  gemaB  Anspruch  1  oder  2,  in  dem 
der  Schritt  des  Bestimmens  den  Schritt  der  Unter- 
teilung  des  Bildes  in  Konfigurationsbereiche  urn-  35 
fal3t,  die  jeder  einen  Teil  der  bestimmten  Anzahl  Pi- 
xel  enthalt,  die  zur  Farbbildgebung  vorgesehen 
sind  (Schritt  3). 

4.  Ein  Verfahren  gemaB  Anspruch  3,  in  dem  der  Inter-  40 
polationsschritt  die  folgenden  Schritte  umfaBt: 

Interpolieren  von  Farbwerten  nurfursolche  Pi- 
xel,  die  innerhalb  eines  ausgewahlten  Konfigu- 
rationsbereichs  enthalten  sind  und  nicht  farbig  45 
dargestellt  sind; 

Anzeigen  der  farbig  dargestellten  Pixel  und  der 
farbinrerpolierten  Pixel,  die  im  gewahlten  Kon- 
figurationsbereich  enthalten  sind;  und  so 

Zuruckkehren  zu  dem  Schritt  der  Berechnung 
der  Farbbildwerte  fur  einen  anderen  Konfigura- 
tionsbereich,  bis  die  bestimmte  Anzahl  Pixel 
angezeigt  worden  ist.  55 

5.  Ein  Verfahren  gemaB  einem  beliebigen  der  vorste- 
henden  Anspruche,  in  dem  der  Schritt  der  Berech- 

nung  der  Farbbildwerte  den  Schritt  der  Durchfuh- 
rung  der  Strahlverfolgungsoperationen  umfaBt. 

6.  Ein  Rechnersystem  zur  Anzeige  eines  Farbbilds 
durch  Interpolieren  von  Pixelfarbwerten,  enthal- 
tend: 

Schnittstellenmittel  (22),  die  auf  Anwenderein- 
gaben  ansprechen,  urn  eine  Anzahl  Pixel  fest- 
zulegen,  die  mit  Bildfarbe  versehen  werden  sol- 
len; 

eine  Zentraleinheit  (18)  zum  Berechnen  der 
Farbbildwerte  fur  jedes  einzelne  Pixel,  das  in 
der  bestimmten  Anzahl  enthalten  ist;  und  ge- 
kennzeichnet  durch 

einen  Anzeigeadapter  (12)  zum  Anwenden  der 
Farbbildwerte  zum  Interpolieren  der  Farbwerte 
fur  jedes  Pixel,  das  nicht  in  der  bestimmten  An- 
zahl  enthalten  ist. 

7.  Ein  System  gemaB  Anspruch  6,  in  dem  der  Anzei- 
geadapter  (12)  einen  Prozessor  aufweist,  der  zum 
Ausfuhren  des  Farbschattierens  eingerichtet  ist. 

8.  Ein  System  gemaB  Anspruch  6  oder  7,  in  dem  das 
Schnittstellenmittel  so  eingerichtet  ist,  dal3  es  das 
Bild  in  Konfigurationsbereiche  unterteilt,  wobei  je- 
der  derselben  einen  Teil  der  bestimmten  Anzahl  Pi- 
xel  enthalt,  die  als  Farbbild  aufgebaut  werden  sol- 
len. 

9.  Ein  System  gemaB  Anspruch  8,  in  dem  der  Anzei- 
geadapter  (1  2)  so  eingerichtet  ist,  dal3  er  Farbwerte 
nur  fur  diese  Pixel  interpoliert,  die  innerhalb  eines 
ausgewahlten  Konfigurationsbereichs  enthalten 
sind  und  nicht  farbig  dargestellt  sind; 
und  in  dem  eine  Anzeige  (10)  die  farbbildausgerich- 
teten  Pixel  und  die  in  dem  gewahlten  Konfigurati- 
onssbereich  enthaltenen  farbinterpolierten  Pixel 
zeigt. 

10.  Ein  System  gemaB  einem  beliebigen  der  Anspru- 
che  6  bis  9,  in  dem  die  Zentraleinheit  (18)  Mittel  ent- 
halt,  urn  Strahlverfolgungsoperationen  durchzufuh- 
ren. 

Revendications 

1  .  Un  procede  d'affichage  d'une  image  couleur  sur  un 
systeme  d'ordinateur  ayant  une  unite  de  traitement 
centrale  (18)  et  un  adaptateur  d'affichage  (16),  par 
interpolation  de  valeurs  de  couleur  de  pixel,  ledit 
procede  comprenant  les  etapes  consistant  a  : 

determiner  un  nombre  de  pixels  devant  etre  re- 

6 
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presente  en  couleur  dans  I  image  (etape  2,  3); 

calculer,  a  I'aide  de  ladite  unite  de  traitement 
centrale,  les  valeurs  representees  en  couleur 
dans  I'image  pour  chacun  desdits  pixels,  com-  s 
prises  dans  le  nombre  predetermine  (etape  4); 
et  caracterise  par 

Interpolation,  a  I'aide  dudit  adaptateur  d'affi- 
chage  (16),  des  valeurs  de  couleur  pour  cha-  10 
que  pixel  non-inclus  dans  le  nombre  predeter- 
mine,  en  se  basant  sur  les  pixels  couleur  cal- 
cules  et  representes  dans  I'image  (figure  5). 

2.  Un  procede  selon  la  revendication  1  ,  dans  lequel 
ledit  adaptateur  d'affichage  (16)  comprend  un  pro- 
cesses  (12)  adapte  pour  effectuer  une  correction 
de  couleur,  dans  lequel  ladite  etape  d'interpolation 
est  executee  par  ledit  processeur  (12). 

3.  Un  procede  selon  la  revendication  1  ou  2,  dans  le- 
quel  ladite  etape  de  determination  comprend  I'eta- 
pe  de  subdivision  de  I'image  en  des  zones  de  con- 
figuration,  chacune  contenant  une  partie  du  nombre 
determine  de  pixels  devant  etre  representes  en 
couleur  dans  I'image  (etape  3). 

4.  Un  procede  selon  la  revendication  3,  dans  lequel 
I'etape  d'interpolation  comprend  les  etapes  consis- 
tant  a  : 

interpoler  les  valeurs  de  couleur,  seulement 
pour  les  pixels  contenus  dans  une  zone  de  con- 
figuration  choisie  et  n'ayant  pas  ete  represen- 
tes  en  couleur  dans  I'image; 

afficher  les  pixels  couleur  representes  dans 
I'image  et  les  pixels  couleur  interpoles  compris 
dans  ladite  zone  de  configuration  choisie;  et 

revenir  a  I'etape  de  calcul  des  valeurs  de  cou- 
leur  representees  dans  I'image  pour  une  autre 
zone  de  configuration,  jusqu'a  ce  que  le  nom- 
bre  determine  de  pixels  aient  ete  affiches. 

5.  Un  procede  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  dans  laquelle  ladite  etape  de 
calcul  des  valeurs  de  couleur  representees  dans 
I'image  comprend  I'etape  consistant  a  executer  des 
operations  de  tracage  de  rayons. 

6.  Un  systeme  d'ordinateur  concu  pour  I'affichage 
d'une  image  couleur  par  interpolation  de  valeurs  de 
couleur  de  pixels,  comprenant  : 

des  moyens  d'interface  (22),  reagissant  a  une 
entree  utilisateur  pour  determiner  un  nombre 
de  pixels  devant  etre  representes  en  couleur 

dans  I'image; 

une  unite  de  traitement  central  (18),  concue 
pour  calculer  des  valeurs  de  couleur  devant 

5  etre  representees  en  image,  pour  chacun  des- 
dits  pixels  compris  dans  le  nombre  determine; 
et  caracterise  par  un  adaptateur  d'affichage 
(12),  concu  pour  utiliser  les  valeurs  de  couleur 
representees  en  image,  pour  interpoler  des  va- 

10  leurs  de  couleur  pour  chaque  pixel  non-inclus 
dans  le  nombre  determine. 

7.  Un  systeme  selon  la  revendication  6,  dans  lequel 
ledit  adaptateur  d'affichage  (12)  comprend  un  pro- 

's  cesseur  adapte  pour  effectuer  un  nuancage  de  cou- 
leur. 

8.  Un  systeme  selon  la  revendication  6  ou  7,  dans  le- 
quel  lesdits  moyens  d'interface  sont  adaptes  pour 

20  subdiviser  I'image  en  des  zones  de  configuration, 
chacune  contenant  une  partie  du  nombre  determine 
de  pixels  devant  etre  representes  en  couleur  dans 
I'image. 

25  9.  Un  systeme  selon  la  revendication  8,  dans  lequel 
ledit  adaptateur  d'affichage  (12)  est  adapte  pour  in- 
terpoler  les  valeurs  de  couleur  seulement  pour  les 
pixels  qui  sont  contenus  dans  une  zone  de  configu- 
ration  choisie  et  n'ayant  pas  ete  representee  en 

30  couleur, 
et  dans  lequel  un  affichage  (10)  affiche  les  pixels 
couleur  representes  en  image  et  les  pixels  couleur 
interpoles,  inclus  dans  ladite  zone  de  configuration 
choisie. 

35 
10.  Un  systeme  selon  I'une  quelconque  des  revendica- 

tions  6  a  9,  dans  lequel  ladite  unite  de  traitement 
centrale  (18)  comprend  des  moyens  concus  pour 
executer  des  operations  de  tracage  de  rayons. 

40 

50 

20 

7 



EP  0  442  682  B1 

10 
DISPLAY 

-O  O  O  O  Q  O 

o 

o 
o 

s  N 

16 

14 
S  

HARDWARE 

T  

12  ̂

11 

SHADING 
HDW 

-26 

22 

-28 
-24 

SYSTEM  CPU 

•18  ») 

MAIN 
MEMORY 

23 

API 

FIG.  1 

8 



EP  0  442  682  B1 

STEP  2 

STEP1  (   START  )  

DETERMINE  PERCENTAGE  OF 
PIXELS  TO  BE  COLOR  IMAGED 

STEP  3 

I  

DETERMINE  CONFIGURATION 
OF  COLOR  IMAGED  PIXELS 

STEP  4 

I  

PERFORM  REQUIRED 
IMAGING  COMPUTATION 

I  

STEP  5 
TRANSMIT  COLOR  IMAGED  PIXELS  TO 

DISPLAY  ADAPTER  FOR  COLOR 
INTERPOLATION  WITHIN  CONFIGURATION 

FIG.   2  

9 



EP  0  442  682  B1 

n  

10 

!  o  X  I  o  !  X  o  ;  X  o  

:  x   x   :  x  :  x   x  \  x  x  

!  o  X  !  o  !  X  o  
'  

X  o  o  o  o  
1 — 1 —   t - - - - - J —   - I —   'I  —   l _ J   —   I  —   I  —   I  —   I  —   I  —   L \  

0 1   2 3 4 5 6 7 8 9   10  11  12 

FIG.  3  

10 


	bibliography
	description
	claims
	drawings

